Abstrak
Contrast-Induced-Nephropathy (CIN) is one of the important complications of contrast media administration. Nash et al 1 reported that CIN was the third most common cause of acute renal failure in hospitalized patients. However, reported incidence of CIN varies among studies, due to differences in definition, back ground risks, type and dose of contrast medium, imaging procedure, and the frequency of other potential causes of acute renal failure. Currently, incidence of CIN in Indonesia has not been determined. Some factors have been identified to increase the risk of CIN, such as diabetes mellitus, age of over 75 years, peri-procedural volume depletion, heart failure, nephrosis, hypertension, proteinuria, NSAID and intra-arterial injection.
2-4 However, it is uncertain to what extent these factors influence renal function independently. 5 In the field of cardiology, contrast media has been extensively used during coronary intervention. The National Cardiovascular Center Harapan Kita (NCCHK) as a top cardiology referral and teaching hospital in Indonesia has been leading in interventional cardiology. We hypothesized that the risk of CIN potentially increases in NCCHK due to higher dose of contrast media administration by residence. Therefore, this study aimed to elaborate the incidence and factors related to CIN in NCCHK.
METHODS

Patients
All patient who underwent coronary intervention using low osmolar monomer contrast media and age of 18 years or older were included in this study. During period of March to May 2006, 312 subjects under going coronary intervention were enrolled in this study. Subjects comprised of 156 patients with identified CIN risk factors, and 156 patients without CIN risk factors. Patients received hydration or Nacetyl carbo cystein therapy prior to coronary intervention was excluded.
Laboratory Examination
All patients underwent standard laboratory examination of hemoglobine (Hb), hematocrit (Ht), fasting and postprandial blood sugar, creatinine and routine urine analysis once during period of 1 week prior to coronary intervention. Three days following coronary intervention creatinine serum was re-measured.
Operational definitions
CIN is defined as an increase of absolute creatinine serum concentration of ≥ 0.5 mg/dl at day 3 following coronary intervention. Patientrelated risk factors of CIN comprise of hypertension, diabetes mellitus (DM), older age, female gender, preexisting renal disease, heart failure (NYHA class III or IV, ejection fraction of < 35%), hypovolemia, low hematocrite level and anemia. Procedure and contrastrelated risk factors comprise of high total volume, high osmolality, high ionic content, and high viscocity of contrast media, intra arterial administration, interval of < 2 days between contrast-using procedures, emergency procedure, using of intraaortic ballon pump and bypass graft intervention.
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Anemia is defined as Hb of less than 10 g/dl both in man or woman. Renal dysfunction is defined as serum creatinine of more than 1.5 g/dl. Proteinuria was identified by routine urinalysis. Volume status is defined as low hydration if urine specific gravity of > 1.025 or Hb/Ht ratio of > 3.
Statistical Analysis
Correlation between risk factors and CIN was analyzed using Cox regression. Stata 9 was used to analyze the data. A P value of < 0.05 considered as statistically significant.
RESULTS
Clinical Characteristics
Of 312 patient (age 55.5±9.22) underwent coronary intervention, 78.8% were male. Diabetes mellitus was found in 16.3%, hypertension in 27.6%, heart failure with NYHA class III in 3.8%, renal dysfunction in 1.6%, and proteinuria in 0.6% of all subjects. Mean systolic blood pressure was 126.3 ± 21.07 and diastolic of 78.8 ± 12.94 mmHg. The average of subjects was normoweight (Body weight of 67.97 ± 7.73 kgs and height of 165.64 ± 5.87 cm). Patient's volume status at the time of coronary intervention was normal as reflected by urine specific gravity of 1.02 ± 0.01. Iopromide contrast media has been mostly used in this population as it cost cheaper than the others. The majority of subjects underwent diagnostic coronary angiography (59.3%). Contrast volume administration during coronary angiography (CAG), elective percutaneous trans-coronary angioplasty (PTCA), and CAG plus PTCA was 70.5±32.94, 183.4±77.13, and 184.6±83.34 ml respectively (p = 0.000).
CIN has been observed in 79 patients (25%) at day three after coronary intervention, comprised of 51 (33%) of patients with risk factors and 28 (18%) of patients without risk factors. No significant different of CIN incidence between male (24.4%) and female (25.8%). Risk of CIN tends to be higher in older patients (Tabel 1). CIN group also demonstrate higher systolic blood pressure, used much more contrast media, have a lower Hb and lower ejection fraction as compare to that without CIN. Both fasting and postprandial blood sugar were significantly higher in CIN group. However, mean value of fasting and post prandial blood sugar within normal limits.
Risk Factors of CIN
This study revealed that hypertension, DM, proteinuria, renal dysfunction, NYHA class, serum creatinine level of more than 1.5 mg/dl, and ejection fraction (EF) of ≤ 35% significantly correlated to the CIN occurrence ( Table 1 ). The higher the NYHA class, the higher the risk of CIN. With symptomatic heart failure or NYHA class 3, the risk of CIN was 4.55 folds (P = 0.000). Total volume of contrast media only has an effect to CIN incidence if administered more than 300 ml (HR of 4.32). Our final mdel revealed that hypertension, DM, EF ≤ 35%, total contras media volume of more than 300 ml, and proteinuria were independent risk factors of CIN (Table 3) . Proteinuria markedly increased risk of CIN by almost 15 folds. but the confidence interval was wide. CM = contrast media, NYHA = New York Heart Association, CAG = coronary angiography, PTCA = percutaneous transcatheter coronary angioplasty, CI = confidence interval, ml = mili liter 
DISCUSSION
Main Finding
Overall incidence of CIN in patient undergoing coronary intervention at National Cardiovascular Center Harapan Kita was 25% at day three. Hypertension, DM, EF ≤ 35%, total contrast volume more than 300 ml and proteinuria are independent risk factors of CIN.
Incidence of CIN
Incidence of CIN after coronary intervention was variably among studies. McCullough et al reported 14.5% CIN occur in their series of coronary angio graphy cases. 2 Others study reported incidence of 10% to 15%.
6,7 Those discrepancy might be happened due to differences in definition, background risk, type and dose of contrast medium, imaging procedure, and the frequency of other potential causes of acute renal failure.
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We defined CIN using a fixed criteria of 0.5 mg/dl serum creatinine increase, instead of proportionate criteria of 25% rise in serum creatinine after exposure to contrast media. The selecting parameter was highly sensitive but less specific, as serum creatinine influenced by age, sex and muscle mass. Creatinine clearance is more reliable parameter to determine CIN. 8 However, since serum creatinine is easier parameter; most studies of CIN have been using it instead of creatinine clearance.
High incidence of CIN in our study population is based on third day serum creatinine level which will not necessarily be persistent during the course of time. Several studies reported that the increasing serum creatinine level will normalized at 10 to 14 days following exposure to contrast media without any sign of renal function compromising.
8,9 Thus, higher incidence of CIN found in this study might be overestimated. Procedural-related factors might also contribute to the higher incidence of CIN in this study.
Patients who developed CIN used significantly higher volume of contrast media compare to that without CIN (137.34 ± 97.55 vs.109.91 ± 71.61 respectively, p = 0.025). However, there were only 7 (2.2%) patients received more than 300 ml contrast media and 6 (85.7%) of them developed CIN. In contrast, only 25.4% patients who received ≤ 300 ml contrast media developed CIN (p = 0.001). Previous study showed that every 100 ml of contrast administration increase the CIN risk score by 1. 4 The hypothesis of excess contrast media administration in teaching hospital by the residence was not proven as contrast media administered during any types of coronary intervention in our study was comparable to the previous study.
10,11
Independent risk factors CIN is mediated predominantly by outer medullary hypoxic tubular damage, probably combined with and accentuated by endothelial dysfunction and renal micro circulatory alterations.
12,13 Altered protective mechanisms also bring about the susceptibility to develop CIN in highrisk patients. Indeed, pre disposing risk factors, such as preexisting renal dysfunction, diabetes, and congestive heart failure, are all characterized by compromised medullary oxygen sufficiency, related to defective nitricoxidedependent renal vasodilatation or prostaglandin synthesis, by increased reabsorptive work load, by enhanced systemic vasoconstrictive stimuli, or by structural changes of the renal microcirculation.
13 Tubular obstruction, direct toxic effects of the dye because of apoptosis, and oxidative damage may also play a role.
14 Several risk factors of CIN have been observed from many studies. They comprised of patient factors such as DM, hypertension, older age, dehydration, sex, heart failure and renal dysfunction; and contrast media factor such as osmolarity, volume and type of contrast media. Our study showed that patients who developed CIN had older age; longer duration of hypertension, DM, and renal dysfunction; higher fasting and postprandial blood sugar; and lower ejection fraction.
Our final model revealed that the CIN independent risk factors in our study comprised of hypertension, DM, proteinuria, total contrast media volume of more than 300 ml, and ejection fraction of ≤ 35%. Mehran et al. 4 developed a simple scoring method that integrates eight baseline clinical variables to assess the risk of CIN following percutaneous coronary intervention (PCI). These are hypotension (score 5), the use of an intra aortic balloon pump (score 5), congestive heart failure (score 5), a serum creatinine level > 1.5 mg/dl (score 4), age > 75 years (score 4), anemia (score 3), diabetes mellitus (score 3), and the volume of contrast media (score 1/100 ml). If the total score is 5 or less, the risk category is low; if the total score is 16 or higher, the risk category is very high.
In our study, patient with risk factors developed almost doubled of CIN as compare to that without risk factors. NYHA class predicts the incidence of CIN, in which better NYHA class associated with less occurrence of CIN. NYHA classification of functional status was developed to grade the severity of chronic heart failure. NYHA class is associated linearly with ejection fraction. We found that ejection fraction of ≤35% increase risk of CIN by 2.92 folds (p = 0.000). Previous studies have shown that a reduced left ventricular ejection fraction (≤ 49%) and advanced congestive heart failure (NYHA class III or IV) are independent risk factors for CIN.
15,16
Dangas et al. 17 showed that a left ventricular ejection fraction of <40% is an independent predictor of CIN. Toprak et al. 18 has previously reported that if the left ventricular ejection fraction is >30%, this condition does not show any significant effect on the development of CIN. Advanced heart failure and reduced left ventricular ejection fraction are characterized by effective volume depletion caused by low cardiac output and increased neurohumoral vasoconstrictive stimuli and impaired nitric-oxide-dependent renal vasodilation that might compromise the medullary oxygenation. 12, 13 In the study done by Rihal et al.
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, it was shown that congestive heart failure is an independent risk for CIN (OR = 1.53, p = 0.007). In a cohort study, Bartholomew et al. 19 found that congestive heart failure is a risk for CIN in patients who underwent PCI (OR = 2.2, p < 0.0001).
Contrast media may influence the incidence of CIN with regard to type, volume and time interval to the previous contrast exposure. The total volume of contrast has been proved to be independent risk factors of CIN in our study. With cut of point of 300 ml, total volume of contrast media increased risk of CIN by 7.73 folds (p = 0.000). The correlation of volume of contrast medium administered with the risk of nephropathy has been described previously.
2,3, 20 In a series of consecutive patients undergoing coronary angiography, each 100 ml of contrast medium administered was associated with a significant increase of 12% in the risk of nephropathy. Adjustment of the volume to the patient's body weight and serum creatinine level has been found to minimize the risk. Similarly, it has been shown that exceeding a patient specific maximum volume of contrast medium (re commended to be 5 ml × [body weight (kilograms)/ serum creatinine level (micromoles per liter) ÷ 88.4]) is associated with a 12fold increase in risk of hemodialysis.
20 Therefore, the amount of contrast medium used should be kept to a minimum and not exceed patientspecific maximum doses. Other than volume, type of contrast media correlates to CIN as well. Almen et al. is the first to introduce nonionic monomer low osmolar contrast which then followed by the development of dimer type. With 6 iodine atoms in each molecule of dimer type result in a low osmolarity contrast media which is approaching blood osmolarity. Even though all contrast media used in this study were low osmolar nonionic monomer type but the incidence of CIN differed between them. With reference of iopramide (Ultravist ® ) as most used contrast media, iohexol (Omnipaque ® ) utilization had the highest risk of CIN [hazard ratio (HR) of 2.05, 95% confidence interval (CI) = 1.17 to 3.61) followed with iopamidol (Iopamiro ® ) (HR 1.47, 95%CI 0.86 to 2.49). Similar results have been reported previously. The data taken from various randomized, doubleblind comparisons of contrast agents showed that iohexol caused a higher CIN incidence as compare to that of iopamidol, iomeprol and iopromide. All patients in these studies were reported to have been adequately hydrated and all studies involved intra-arterial administration of the contrast material. CIN occurred with a frequency of 21-26% in studies with iohexol, 6-12% with iopamidol, 16% with iomeprol and 11% with iopromide. However, it is not clear that an accurate comparison can be made, since the relevant variables, including calculated creatinine clearance, route of contrast administration, dose of contrast administration, presence or absence of diabetes mellitus, nature of prehydration and presence or absence of other risk factors, are neither uniform nor necessarily clear in the various studies. 8 In addition, multivariate analysis did not show any significant of contrast media type in occurrence of CIN.
Hypertensive patients had 2.89 fold risk of CIN following coronary intervention as compare to normotensive patients. Hypertension has been categorized as a risk factor for CIN in some studies. Goldenberg et al 12 showed similar results, but odds ratio was 1.2. In our study, hypertension found in 27.6% of total subjects and among them 47.7% developed CIN. In contrast, only 15.9% of normotensive patient developed CIN. In addition, only 16% of hypertensive patients underwent regular checked and took antihypertensive. The alterations of intrarenal expression of vasoactive mediators, such as renin-angiotensin system or nitric oxide in hypertensive patients may contribute to the CIN occurrence. A reduced number of nephrons could also predispose hypertensive patients to CIN.
6 Further more, a study of 8,628 patients who underwent PCI, 19, 21 revealed that hypertension was an inde pendent predictor of CIN (OR of 1.2 to 2.0). Systolic instead of diastolic blood pressure demonstrated significant correlation to the CIN incidence. It can be explained with that systolic blood pressure in CIN patients was significantly higher and the possibility higher incidence of isolated systolic hypertension in our study population which was having mean age of 55.5 ± 9.22 years.
The mechanisms of CIN in DM patients are compromise of nitric oxide mediated renal vasodilation and significant decrease of oxygen partial pressure at outer renal medulla due to endothelial dysfunction. Diabetic subjects had blood sugar concentration of 144.4 ± 35.42 g/dl and 225.5 ± 65.22 g/dl during fasting and 2 hours post-prandial respectively. With that poor glycaemic control it seems logic that patients with DM had 3.09 folds (p = 0.000) risk of CIN following coronary intervention.
In addition, serum creatinine concentration of DM patients was higher as compare to that nonDM (1.25 ± 0.42 vs. 1.02 ± 0.28 respectively, p = 0.000), which may further increase CIN probability. Furthermore, the overall fasting and postprandial blood sugar significantly correlated to CIN. In CIN group, the fasting and postprandial blood sugar (116.05 ± 9.17 and 170.59 ± 20.90 mg/dl respectively) were higher than normal. Since the diabetic patients were 49.4% of all CIN group, it demonstrated that diabetic patients who developed CIN had very poor glycaemic control.
Proteinuria or microalbuminuria is a marker of endothelial dysfunction and frequently associated with diabetes and hypertension. In our study, nondiabetic and non-hypertensive proteinuria independently increased risk of CIN by 14.96 folds (P = 0.000). Actually only 2 patients in our study suffered from nondiabetic and non hypertensive proteinuria. Among them, all de veloped CIN then produced very significant result statistically but may not important clinically. If we look at overall proteinuria patients including those with diabetics and hypertensive, the HR of CIN markedly increases to 9.11 (P = 0.005). Among overall proteinuria, 52.6% and 73.7% were diabetics and hypertensive respectively.
Analysis of combine risk factors of diabetes and proteinuria increase CIN by 3.99 folds (95%CI 1.99 to 8.01, P = 0.000) and combination of hypertension and proteinuria had HR of 3.93 (95%CI 2.12 to 7.27, P = 0.000). This data demonstrated the role of multiple risk factors associated with proteinuria in developing of CIN. Diabetics and hypertensive patients with evident of endothelial dysfunction were more susceptible to contrast media administration.
Study limitations
Short observation of subjects may overestimate the incidence of CIN since serum creatinine may normalize 5 to 10 days following contrast administration. How ever, the aim of this study was to seek acute renal dysfunction induced by contrast media which has been reported peaked at third day following contrast exposure. Although serum creatinine is not an ideal parameter of renal dysfunction due to influence of age and gender, but majority of CIN studies have been using it for CIN criteria.
In conclusion, incidence of CIN among patient undergoing coronary intervention in NCCHK is 25% which is comparable to others studies. Hypertension, DM, EF ≤ 35%, total contrast volume > 300 ml and proteinuria are independent risk factors of CIN.
